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1
INTRODUCTION
The scientific feeding of non�ruminant and, to a lesser extent,
ruminant animals for improved efficiency and higher economic· return
-to the producer has intensified the competition between man and the
farm animal for protein.

The trends in nutritional research are

currently directed toward development of new methods in formulating
rations by which this competition could be at least partially allevi
ated without adverse effects on efficiency of the animal.
It is well documented that the primary function of the dietary
protein for poultry as well as other classes of farm animals is to
satisfy their needs in terms of amino acids.

Therefore, supplementation

of low protein diets of non-ruminant animals with synthetic amino acids
prepared chemically or by microbial fermentation could be considered
one way of contributing to increased availability of natural protein
for direct human consumption.
A mixture of soybean meal used as a protein supplement with
corn to complement the amino acid composition of the latter, along with
the required minerals and vitamins , is the most connnon-�ype of diet fed
to laying hens for egg production in the United States.

When the

standard concentration of protein of such a diet is lowered, the
soybean content of the mixture is consequently reduced concurrent with
an increase in corn.

To such a diet the needed amino acids may be

added at the proper levels to meet the requirements of the hen for
these nutrients.
0

In addition to a considerable savings i

quantity

£ protein required, this procedure could be less expensive than
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feeding high protein diets as synthetic amino acids become more
economical.
Free amino acids in the diet of laying hens could provide a
better tool for determination of an optimum amino acid bal ance.

When

amino acids in the diet are provided in optimum proportions, the loss
of en�rgy as ppecific dynamic heat is minimized and maximum utilization
of the en�rgy_for reproductive performance could be attained (Scott
et al. 1969).

With minimum levels of protein and an optimum pattern of

amino acids, �igher amounts of corn could be used.

Therefore, ineffi

cient conversion of protein to energy could be reduced and the costly
excretion of excess amounts of nitrogen as uric acid could be prevented.
The present study was conducted to determine if the protein
level of layer diets could be lowered from the: cortm)Only used_ 16· per.cent
to 12 percen� by_�upplementation of-some of the essential.amino acids
without reducing the performance of hens.

The amino acids used were

methionine, lysine, tryptophan and isoleucine.

Egg production, egg

shell thickness, interior egg quality, body weight, feed efficiency and
free amino acid content of the albumen of eggs produced were criteria
used to measure the

· . to treatment.

3

REVIEW OF LITERATURE
•niscovery of·Amino ·Acids
By the end of the nineteenth century, analytical studies of
several scientists had indicated a significance· f or some of the amino
acids as the primary components of proteins.

According to Cohn {1965),

Prout, an organic chemist, first isolated leucine in 1819, followed by
Braconnot who isolated glycine one year later.

Tyrosine was the next

amino acid to be discovered in 1845 by Liebig.

No other amino acid was

isolated until 1865 when serine was discovered.

During the following

forty years a new amino acid was added to the list of amino acids an ave
rage of one every four years,

In 1904 seventeen amino a�ids had been rec
In 1902

ognized and the main structures of their molecules determined.

Emil Fisher and F. Holmeister independetly proposed that amino acids in
intact protein are linked through peptide bonds (Vickery and Osborne,
1928).

The last three amino acids commonly found in proteins, hydroxy

glutarnic acid, methionine and threonine were discovered by Dakin in 1918,
Muller in 1 922, and Mayer and Rose in 1936, respectively (Cohn 1965).
Classification of Essential Amino Acids
Willcock and Hopkins•(i906) and Osborne and Mendel (1914)
discovered that certain amino acids were essential nutrients.

Rose

(1938) defined an essential amino acid as "one which can not be synthe
sized by the animal organism out of materials ordinarily available at
a speed commensurate with the demand for normal growth�'.

Early studies

concerning the determination of the essentiality of amino acids
involved feeding a single purified protein known to be devoid or low
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Hens maintained on diets containing the essential amino acids at these
levels, increased by ten percent to cover -safety contingencies, produced
-�ggs at a satisfactory rate for periods of up to one month.
Protein-Requirement for Egg Production
Considerable data are available concerning the protein and
amino acid requirements of laying hens.

Nevertheless, wide variations

exist among the reported studies which makes the subject complex . _Reid
et al. (1951), Milton and Ingram (1957), Hochreich et al. (1958), and
Gordon et al. (1962) have indicated that the layer diet must contain 17
or 18 percent protein to support maximum egg production.

Thornton and

Whittet (1959) reported that a 1 3 percent protein diet supported egg
production comparable to that of a 17 percent diet.

Berg and Bearse

(19 5 7) concluded that a 16 percent protein diet was superior to a 14
percent diet.

Frank and Waibel (1960), Smith and Lewis (1964), Bray

(1964) and Shapiro and Fisher (196 5) have reported optimum egg pl'Oduction
on ll to 13 percent dietary protein levelso

The complex�ty of the

protein requirement of the laying hens may be related to, among other
factors, avail ability and balance of amino acids, biological value of
protein, energy content of the diet, environmental temperature or
various ·stress conditions, the genetic constitution, rate of egg
outp��, arid age· of the bird.
Amino Acid Availability and Supplementation.

Since the primary function

of protein in t he diet is to furnish amino acids, it is quite important
that the protein be composed of the indispensable amino acids in
quantities to closely meet the laying hen's dietary requirement.
addition sufficient amounts of dispensable amino acids must be

In
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provi�ed by the protein for optimum and efficient egg production.
Evidence from a large number of studies indicates that if the exact

pattern of amino acids required for egg production and maintenance of
the hen is provided in the diet, the currently recommended level -a£_
.
protein may be reduced and superior feed utilization should be attained.
Methionine Supplementa tion.

Data reported by a limited number of

investigators including Gordon et al. (1962), Heywang et al. (1963) and
Muller and Balloun (1974), have shown improved egg production resulting
from methionine addition to diets containing 15 to 18 percent protein.
T he results from several other studies have shown no signific ant bene
ficial response in reproductive performance of the laying hen when
methionine was added to diets containing over 16 percent protein made
up of corn and soybean meal (Reid et al. , 1951;

ehring et al. , 1954;

Heywang, 195 6; Bradley and Quisenberry, 1961; Yates and Schaibl e, 1961;
Britzman and Carlson, 1963; Smith, 1967; Carlson and Guenthner, 1969;
and Jensen et al. , 1974).

The composition and ratio of nutrients in

the diets and also the energy content have been proposed fact ors
determining the response from methionine supplementation.
Bray (1964, l968a.) reported that the response to methionine
addition increased as soybean protein was substituted for corn protein.
He obtained the maximum response to methionine when soybeans provided
80 to 8 5 percent of the total dietary protein.

He used a low protein

diet (8. 5 percent), maintaining the amino acid pattern of a high
protein diet by diluting the high protein diet with corn starch.
Mu1ler and Balloun ( 197 4) reported t at 16 perce t protein
diets appeared to give a greater responese on

et io ine su ple entation
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than did d iets of lower protein content.

They concluded that when

methionine concentrations were expressed as a percentage of protein or
as methionine percentage per Meal metabolizable energy (M. E. ) per kg.
of diet, the additions of methionine to 13. 5 or 1 5. 5 percent diets did
not differ appreciably in methionine concentration between the diets.
However, when methionine content was expressed as percent methionine
per Meal of M. E. per kg./percent protein, increasing levels of
methionine greatly changed the concentration of methionine between the
two diets.
Carlson and Guenthner (1969) and Jensen et al. (197 4) showed
significant improvement in egg production when 14 percent protein corn
soybean diets were supplemented with methionine .

Carlson and Guenthner

(1969), based on their calculations, showed that additional methionine
reduced daily protein requirement from 17 to 15 grams with no adverse
effect on egg production.

Harms et al. (1962) and Harms and

aldroup

(1963), reported that methionine was the first limiting amino acid in
a 13 percent protein corn-soybean type diet.

The latter observed

different responses from methionine supplementation with different
strains.

Sell and Johnson (1974) obtained significant improvement in

egg production and average egg weight when methionine was added to a
corn-soybean diet containing 12 percent protein and 3100 kcal

• E. /kg.

When methionine was added at the same levels to a 1 2 percent protein
diet with lower energy content, the response to methioniHe was not
significant.

Their study

as·cond cted over a period of 2 52 days.

The quantitative requirement of laying hens for methionine has
been estimated by a

umber of investigators incl

i g Ingram et al.
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(1951), Le�ng and McGinnis (1952), Ingram and Little (1958), Combs
(1964), Bray (1965), Moran et al. (1967), Harms and Damron (1969),

Carlson and Guenthner (1969), Novacek and Carlson (1969), Fisher and
Morris (1970) and Jensen et al. (1974).

The range of the estimated

methionine requirement appears to be between 2 33 mg. and 328 mg. per
bird per day.

The variation in requirement of methionine reported may

be related to availability of other sulfur amino acids, inorganic sulfur
and other factors including total protein level.
· ·Inorganic·sulfur�� Partial Replacement for Methionine.

In organic

sulfate. p'resent :·in·i:he ration has -: been prqposed to be a factor whi-ch -can
influence the methionine requirement of the chicken.

Ross and Harms

(1970) working with chicks indicated that inorganic sulfate could spare
the requirement for additional sulfur-amino acids in a corn-soybean
meal diet deficient in methionine.

Similar results were obtained by

Ross et al. (1972) using a purified diet.

Speers and Chi (1974)

reported that the addition of 0. 3 percent sodium sulfate to a low
protein corn-soybean diet resulted in an increase in egg production
comparable to that obtained from the addition of Oa5 percent methionine.
Their basal diet contained 0.23 pe�cent methionine and 0.20 percent
cystine.
Somewhat conflicting results have been reported concerning
utilization of inorganic sulfate as a partial replacement for the
sulfur-containing amino acids.

Miller et al. (1974) were not able to

obtain a comparable growth response from replacing 0.1 percent methionine
with 0.1 percent sodium sulfate.

Reid and Weber (1974) reported that

supplementation of a 14 percent protein diet with: 2- perc_ent_ ammonium
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sulfat e lowered egg production and feed -efficiency, whereas, addition
of methionine

t o . t he

same diet resul ted in _significant ly_ improve4_egg

production.
Lysine -Supplementa tion.
lysine addi tions

to

Improved performance of laying hens through

low prot ein diets have been report ed by several

invest igat ors including Thornt on et al. (1957), Waibel and Johnson
(1961), Harms and Waldroup (1962), Sell and Hodgson ( 1966),
Biely (1972) and Jensen et al. (1974).
that lysine may be
prot ein level.

t he

arch and

Harms et al. ( 1962) reported

second limit ing amino acid at a 13 percent

S t angeland and Carlson (1961) and Harms and laldroup

(196 3) indicat ed

t hat

as protein was reduced from 13 percent to 11 per

cent as the result of substituting corn for soybean meal, lysine became
more limit ing

t han

met hionine.

In.reducing protein level, this

t ransi

tion occurred because a smaller proportional change was made in
methionine

t han

lysine.

However, greater beneficial responses were

report ed when combinations of methionine and lysine were used
(St angeland and Carlson, 1961; Biely and
1971; and Blair and Lee, 1973).

arch, 1964;

arin et al. ,

The results from a recent st udy by

Sell and Johnson (1974) showed that when a 14 percent protein corn
soybean �iet was supplement ed with methionine and lysine, overall
productive perEormance was comparable

to

that observed hen a 16

percent prot ein diet was used.
Early estima tes of the lysine requirement for layi g hens
showed a level slightly below·0.52 percent to
al. , 1951; Johnso

and Fisher, .1958).

ora

e adequate (Ingram et

et al. (1967),

ray (1969)

and Carlson and Guenthner (1969) est· a ed t at the daily requirement
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for lysine to be 454, 522 and 645 mg. , respectively.

According to

Jensen et al. (1974) the lysine requirement is lower for hens fed diets
containing corn in contrast to wheat.

Latshaw (1974) reported that

additions of 0. 05, 0. 10 and 0.1 5 percent lysine to 14.1 per cent and
16. 5 percent practical protein diets containing 0.45 percent and 0.56
percent lysine, respectively, did not improve egg production or egg
w�ight significantly.

His data supported the National Resear ch

Council's (1971) recommended level of 0.5 percent lysine for layipg hens.
Tryptophan Supplementation.

Ingram et al. (1951) showed that the diet

of the laying hen can be deficient in tryptophan: _ The data reported by
Waibel and Johnson (1961) and Britzman and Carlson (1964) also indicated
that tryptophan, in addition to lysine and methionine, rn�y. be·a limiting
amino acid in a low protein diet.

Bray (1964), based on a calculated

value obtained for the amino acid contents of a corn and soybean diet
as compared to the standard diet, showed that tryptophan was the second
limiting amino acid on 8. 5 and 9. 0 percent protein diets made up of a
60:40 blend of the grain and soybean protein.

However, results from

the actual performance of birds indicated that tryptophan was the
second limiting amino acid only when the diet contained adequate iso
leucine and valine o

Taylor et al. (1967 ) found that a 14.5 percent

protein diet plus 0.02 5 percent tryptophan supported the highest rate
of egg production when compared with diets containing 10.5, 12.5 and
15.5 percent protein to which various amino acids had be�n added.
Although

ovacek and Carlson (1969) obtained beneficial responses from

cumulative addition of methionine, lysine and tryptophan, addition of
the third amino acid did not improve hen-day performance consistentl y

ll
over that obtained from the addition of the other amino acids.

Their

basal diet contained 9.4 percent protein.
Isoleucine Supplementation.

Bray (1964, 1968a) indicated that iso

leucine was the first limiting amino acid in diets of 8. 5 percent
protein produced by dilution of a 12 percent protein corn-soybean diet
with starch.

In a later study (Bray, 1969), it was noted that the

order of limiting amino acids may be altered by an increase in rate of
production.

Choudhury (1972) obtained a significant increase in egg

production from 0. 1 percent isoleucine added to the basal diet.

He

used a basal diet made by diluting a 16 percent protein diet with
glucose to 10_. 8 percent and supplemented with 0. 1 5 percent DL-methio
nine, 0. 19 percent L-lysine and 0.04 percent DL-tryptophan o

Johnson

and Fisher (1958) showed that the level of isoleucine in a crystalline
amino acid diet for layers may be reduced provided that the levels of
other amino acids, including leucine, were lowered also.

Bray (1970)

reported that small increments of isoleucine and valine were required
to correct imbalances produced by increments of leucine in diets with
low levels of protein.

It was concluded that the high levels of leucine

found in corn may be responsible for the responses obtained from
addition of various combinations of amino acids to a low protein diet.
Energy Content of the Diet and Protein Requirements
Data :from several studies including work by Hill et al. (1956},
Anderson et al. (19 57), Bo�ton (1958), Petersen et al. (1960), Gleaves
et al. (1968), Jackson (1970); and Gleaves et al. (1973) have shown
a decrease in feed consumption conco itant to an increase in dietary
energy.
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Jackson (1970) reported a significant reduction in egg yield
when the intake of a high energy diet was restricted from voluntary
intake of 317 kcalo to 225 kcal. per bird per day.

However, the

restriction from 35 5 kcal. voluntary intake to 278 kcal. of a concen
trated diet did not depress egg production.

The reduced egg production

might have been caused by a lower protein intake, since restricted
feeding resulted in a 14. 2 grams protein consumption with the former
diet compared with 17. 5 grams of protein intake with the latter.
Their results also showed that restriction of a concentrated diet
caused the birds to utilize protein more efficiently for egg produc
tion.

This could indicate that the hens on the concentrated diet were

overconsuming protein in the process of meeting their energy
requirements.

·strain Differences in Protein Requirement
Evidence that strain differences exist in relation to dietary
protein levels required has been reported by Harms and Waldroup (1962),
Moreng et al. (l964), Sharp� and .Morris (1965), and-Balioun and Speers
(1969).

Balloun and Speers (1969) observed significant differences in

protein requirements among five strains.

They reported that for a

28-day period of maximum egg production (85 percent), a commercial
strain (Hy-Lin�) required 15. 9 grams protein provided by a 16 percent
protein diet, whereas, 17. 3 grams of protein provided by a 14 percent
protein diet was adequate for a much larger-bodied stra:n {Aines Incross)
for its highest period of production (7 5 percent).

It was shown that

three experiment� strains of White Leghorn designated A, D, and E
differed widely in overall average protein requirements.

Although
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strain A (medium size) and D (l�ge size) both required 18 grams of
protein daily for maximum egg production, strain D produced a greater
daily _egg mass.

Strain E (small size), the most efficient of all,

required less than 10 grams protein daily for its maximum production
rate.
Pilbrow and Morris (1974) stated that genetic differences in
protein requirement may arise from one of two principal causes.

The

first relates to maintenance of different body weights and . rate of.:•
output.

The second relates to differences that may be attributed to

efficiency of digestion or utilization of absorbed amino acids.
Consequently one stock may require more protein than another for each
unit of body weight to maintain or unit of egg synthesized.
· ·Prdtein•Reauirement as Related to the Rate of Lay and Age of the He�
Somewhat conflicting reports exist concerning the age of laying
hens and the rate of egg output in relation to protein utilization.
Bray (1968b) found that higher dietary intakes of protein were required
when rate of lay was reduced due to either inadequate photostimulation
or l�ngevity of production.

He fed graded levels of protein to Single

Comb White Leghorns differing in potentials for egg production.

These

results conflict with the earlier findings by Owings (1964) and
Quisenberry (1965) who indicated that as level of egg output decreased
during production the dietary protein level could be reduced.

Hunt and

Aitken (1970) reported that although the overall producti�n of hens on
a 15 percent protein diet was significantly higher than that of hens on
a 1 3 percent protein diet, production of both groups was comparable for
the second half of the 46-week trial.

s

On the other hand , Jennings et

TH DA OTA S ATE
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al. (1972) reported that older birds required higher protein input.
Smith (1974) concluded that the dietary protein level for J_aying hens
may be reduced to 14 percent when they are 40 weeks of age and to 12
percent protein at 60 weeks of age without detrimental effects upon
-�gg production.
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GENERAL EXPERIMENTAL PROCEDURE
The study reported here was conducted in a windowless, caged
layer house with forced ventilation.

Babcock 300 pullets were housed

at 21 weeks of age in cages (30 X 40 X 43 centimeter) with three birds
per cage.

They had been fed a practfcal type, high energy starter

diet and medium energy grower diet.

The grower diet contained 12 per

cent protein made up of corn, oats and soybean meal supplemented with
0. 06 percent DL-methionine and 0. 21 percent L-lysine.
were provided ad libitumo

Feed and water

The experiment was conducted from January 4,

1974 to February 27, 197 5 (24 to 83 weeks of age) o
The formulas for the basal diets are shown in Table l.
trypto
phan and isoleucine was made on the basis of previous results obtained
by Choudhury (197 2) showing beneficial effects with these amino acids.
As is shown in Table 2, the first treatment consisted of the un-supple
mented 11.8 percent protein diet.

Addition of 0. 15 percent methionine

hydroxy analogue to the low protein diet constituted the second
treatment.

Treatments 3, 4 and 5 were obtained by cumulatively

supplementing the diet of the second treatment with 0. 20 percent
L-lysine, 0. 10 percent DL-tryptophan and 0. 40 percent DL-isoleucine
(Table 2).
diet.

Treatment 6 consisted of the standard 16 percent protein

An experimental unit consisted of two adjacent cazes of hens fed

from a common feeder.

Each tJ:>eatment was fed to six units or replicates

with, therefore, ?ix birds per replicate.

Calculated amino acid

composition of the low and high protein diets and the requirements for
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Table 1 •. . Composition of basal diets
Dietary protein
(percent)
·15.0

11·. 8

71. 0
l. 5

8 2. 0
9. 0
2. 0
1. 5

+

+

percent of the diet

Ground yell ow corn
Soybean meal (47 percent protein)
Alfalfa meal (17 percent protein)
Dicalcium phosphate
Limestone
Salt mix l
Vitamin mix 2

20.0
2.0

s.o
o.s

s.o
o.s

Contained in grams per kg. of sa lt mix: sodium chloride, 920;
zinc, 10.0 ; iron,•'6. 0; manganese, 4. 0; copper 0. 8; cobalt, 0. 15;
iodine 0. 07.
2
containecl per �g. or diet: Vitamin A, 5,280 USP; vitamin n 3,
1,375 USP; vitamin E, 22 IU; vitamin B1 , 0. 0088 mg. ; niacin, 44 mg. ;
2
c�oline chloride, 440 mg. ; Riboflavin, 6. 6 mg. ; d-calcium pantothenic acid,
8. 8 mg. ; vitamin K, 1. 1 mg. ; fo l ic acid, 1. 1 mg. ; biotin, O. ll mg.

Table 2.

Amino acid supplementation of the low
protein diet

. . . . . ..

Added amino acids as percent of the dietl
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment

l (11. 8% protein)
2
3

4

5

6

(16. 0% protein)

Met.

Lys.

Try.

Iso.

0. 15
0. 15
0. 1 5
0. 15

0. 20
0. 20
0. 20

0. 10
0. 10

0. 40

1
Amino acids added were: et. , methionine hydroxy analogue; Ly�. ,
L-lysine; Try. , DL-tryptophan; Iso. , DL-isoleucine.
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these amino acids as published by Johnson and Fisher (1958), Scott et
al. (1969) and the National Research Council (1971) are presented in
Table 3.
The experiment was conducted over fifteen 28-day periods.

Egg

production, _e_gg w�ight, egg shell thickness, interior egg quality, body
w�ight, feed efficiency and total amino acid content of the albumen of
-�ggs produced were criteria used to measure response to dietary
treatmento

Egg production was calculated on a hen-day basis.

w�ights were measured

hr

Egg

group weighing all the eggs produced during

the first five periods and on six consecutive days of each of the
remaining ten periods.

Interior quality of eggs determined as Haugh

Units (Haugh 1937) and the shell thickness of five eggs on an averaee
for each replicate were recorded at the end of every period.
mortality was computed for each period of the experiment.

Percent

During the

tenth period, the albumens of five eggs per replicate were mixed and
used for the analysis of amino acids.
Determination of Amino Acid Composition of Egg White
Samples (one gram of pooled egg white) were hydrolyzed in
100 ml. of 6N hydrochloric acid at 110°c for 24 hours under a nitrogen
atmosphere.

A 2 5 ml. aliquot of the hydrolyzates were evaporated to

dryness in a rotary evaporator.

A 10 ml. aliquot of deionized distilled

water was added to the sample and evaporated again.

This step was

repeated two more times to_insure removal of excess hydrochloric acid.

Ten milliliters of pH 2. 2 acetate buffer were added to the dried sample.
This solution

as·stored at 4° c for subsequent analysis with a Beckman
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Table 3.

Amino acid composition of the basal diets and
published requirements (% of diet)
. . . . . . .

Recomm-ended levels
Amino acids

Low
protein
diet

Arginine
H istidine
Lysine
Leucine
Isoleucine
Methionine
Cyst_ine
Phenylalanine
Threonine
Tryptophan
Valine

0. 69
0.21
0.42
1.23
0.59
Oo21
0.14
0. 62
Oo50
0.14
O o 56

High Johnson &
protein
Fisher
diet
(1958)
1.04
0.1a
0. 72
1.49
0.80
0. 26
0.21
0. 81
0.64
0.21
0.1a

0.74

o.so

0.68

a.so

0.24
0.16
0.72
0.36
0. 12
0.54

Scott
et al.
(1969)"
0.80
0.30
0.80
1.20
0.65
0.32
0.26
1.00
0.55
0.16

o.ao

No

R. C.

(1971)
0.80

o.so

1.20

a.so

0.28
0.25

0.40
0.11
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Model 120C Amino Acid Autoanalyzer.

The amino acid concentrat_ion was

calculated and presented as percent of egg white.
Data ·Processing·and·statistical·Analysis
Data

Randomized complete block design was used in this study.
obtained at the end of each period were processed by computer.

The

means for six, twelve and fifteen periods of the experiment with
respect to _egg production, feed consumption, feed efficiency and egg
quality were subjected to analysis of variance.

Duncan's multiple

r�nge test (Steel and Torrie 1960) was employed to determine dif
ferences between mean valueso
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RESULTS AtID DISCUSSION
Egg ·Production
Average hen-day -�gg production expressed on the percentage as
well as weight basis, and average egg weight for the six, twelve and
fifteen periods are presented in Table 4.

During the first six periods

of the study, rate of egg production was significantly reduced for hens
fed the 11. 8 percent protein diet compared with those fed the high
protein diet.

Methionine addition did not significantly change the

production rate.

Adding lysine reduced egg production significantly.

Tryptophan supplementation, however, improved egg production so that
the performance of the hens on this diet was no longer statistically
different from the value obtained �ith the high protein diet.

lso

leucine addition was without further beneficial effect on egg produc
tion.

Similar trends were observed for daily quantity of eggs

produced.
Considering the data obtained from the means of twelve periods,
no significant difference in egg production between the low and high
protein diets was noted.

Again, tryptophan appeared to alleviate a

depression effect caused by the combination of methionine with lysine.
Isoleucine appeared to slightly reduce egg production, though the
difference was not significant.
The overall means for all fifteen periods showed a non
significant 3 o 7 percent reduction in egg production when methionine
was added to the low protein diet.

The further addition of lysine

reduced egg production by 6 percent over the low protein diet, which

Table 4.

Means of 6 Eeriods
Av. egg
Hen-day egg prod. weight
i
g.
g.

1

Tre atments

· 1) 11.8% prot,._
2) As 1 + Met.
3) As 2 + Lys.
4) As 3 + Try.
5) As 4 + Iso.
6) 16.0% prot.

Effects of amino a cid additions to a low-protein diet on
egg production

1

73 o 88b
72.4lab
69.30 a
76.43bc
74.BO bc
78.76c

44.eo ab c
44.02ab
a
42.30
cd
47.00
bc
4 5. g.9d
48. 42

60.27a
60.55a
60.87a
61.25a
61.25a
61.30a

Means of 12·periods·
Means ·of·1s·periods · ·
Av. egg
Av. egg
·Hen..:.aay·egg ·prod�··we��ght · · · · ·Hen..:.day·egg ·prod� ·weight
g.
g.
g.
g.
�
%
69 .69ab 43.7labc
65.67 a 41.4Bab
64.60a
40.73a
70.39 ab 44.96bc
ab
66.86a
42.36c
b
74.ll
47.20

62.75a
63.40a
63.07 a
64.0la
63.55 a
63.73a

66.79b c 42.39ab
63.02ab 40.38a
60.76a
38.74a
ab
6
64. 9
41.82ab
ab
63.20
40.57a
c
70.34
45.18b

63.61 a
64.36a
63.98a
65.16 a
64.59 a
64.38a

1
The amino a cids added were: Met., 0.15 perc ent· methionine hydroxy ana logue; Lys., 0.20 percent Llysine; Try., 0.10 percent DL-tryptophan; Iso o , 0.40 perc ent DL-isoleucine.
c

ab V alues followed with the same s�perscript within ea ch
the 5 percent level.

c olumn are

not significantly different at

�
I-'

22

Neither tryptophan nor isoleucine were

was statistically significant.

effective in irnprov�ng the percent hen-day e_gg production over that
obtained from the 11. 8 percent protein diet.

Furthermore, there was

no significant difference between the performance of the hens on the
basal low or high protein diets.

Although the average egg weight was

not significantly affected by dietary treatment in any of the period
means reported here, a general trend towards heavier eggs can be
observed in Table 4 as the result of amino acid supplementation.
Although egg production decreased after the twelfth period, the average
-�gg w�ight increased, as would be expected.
Data obtained concerning the methionine addition s upported the
earlier results reported by Britzrnan (1964).

He reported no beneficial

response from methionine addition to a low-protein (11. 2 percent) high
energy diet (3100 kcal. /kg. ).

The $lightly (nonsignificant) depressed

�gg production caused by methionine in the present study is in general
agreement with a recent report by Muller and Balloun (1974) showing
depressed egg production from methionine.

They added 0. 1 percent DL

methionine to a 12 percent corn soybean protein d iet for Welp-Line
Leghorn layers.

The duration of their study was four 28-day periods.

�ysine addition to the low-protein, high-energy diet in the
Britzman (1964) study improved hen-day egg production significantly,
but the hens on the basal diet were laying at a low production rate
(approximately 40 percent).

The rather high performance of the hens

on the ll. 8 percent protein diet in the present study could be a
factor influencing the lack of beneficial response from this amino acid
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supplementation.

The reduced _e_gg production result�ng from the lysine

addition is contrasted with an increase shown in the report of Novacek
and Carlson (1969).

The discrepancy could be at least partly related

to the lower protein diet (9. 4 percent) in addition to the lower level
of the lysine supplement (0. 11 percen�) used by Novacek and Carlson
(1969).

Furthermore, their lysine supplemented diet supported a lower

rate of e_gg production than the unsupplemented low protein diet in the
present study.

The significant depression effect of the lysine

addition to the low protein diet is in general agreement with the re
sults obtained in another experiment by Novacek (1970).

He used a 9.8

percent protein diet containing supplemented methionine, lysine and
tr>yptophan to provide 125 percent of the standard set by Johnson and
Fisher (1958), and further supplemented the diet with 0 . 0 5 percent L
lysine.

Lysine intake in the Novacek .( -1 97"0) study was somewhat below

the intake of the experiment reported here.

The overall average

intake of protein and amino acids are presented in Table 5.
Although 12 percent protein diets have been shown to be
deficient in lysine for egg production, more marked responses occurred
when the diets were based on wheat as the major source of protein.
The significant depression in egg production from lysine in this
experiment can not be easily explained.

It may be possible that the

genetic constitution of the strain of birds used in this study called
for a slightly different requirement for essential amino acids, and
thus an amino acid imbalance occurred when lysine at 0. 2 percent level
was included in the diet.

Tryptophan at the level used appeared to
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Table 5 .

Treatments1
1)

5)

6)

M . E . Protein
intake
intake
· · · · kcal � /day · g . / day

Met.
Try .
Lys .
· · intake ( mg . / day )

Iso .

. 8 % protein
1 + Met .
As 2 + Lys .
As 3 + Try .
As 4 + I so .
16 . 0% protein

35 3
357
348
358
357
333

13 .6
13 .8
13. 4
13 .8
13 . 2
18 . 0

2 38
39 3
38 3
394
375
297

485
492
707
727
692
8 11

16 3
165
161
228
2 18
2 34

678
687
669
688
879
9 05

Means

351

14 . 3

347

652

195

75 1

11

2 ) As

3)
4)

Daily energy , protein and amino acid intake of the
laying ·hen as affected by amino a cid
additions to a low protein diet

l

The amino acids added were : Met . , 0 . 15 percent methionine
hydroxy analogue ; Lys . , 0 . 2 percent L-lysine ; Try . , 0 . 1 percent DL
tryptophan ; Iso . , 0 . 4 per cent · DL-isoleucine .
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correct the imbalance produced by lysine in the first twelve periods.
The lack of a response to tryptophan dur1/ig the last three periods
could indicate that the requirement of lay�ng hens for this amino acid
c�nges at different stages of production.
Choudhury (1 97 2 ) reported significant increases in · egg produc
tion when O. l percent DL-isoleucine was added to a 10. 8 percent protein
diet which had already been supplemented with methionine, lysine and
tryptophan o

The higher isoleucine level (0. 4 percent) used in the

present study might have effected an imbalance.

Differences in amino

acid patterns in the diets and in requirements by the strains of birds
used may, in part, explain the lack of a beneficial response to isoleu
cine .
Feed Consumption and Conversion
The means for feed consumption, fee d efficiencies expressed as
quantity of feed required per dozen eggs produced and the calculated
amounts of egg produced per gram of feed for the six, twelve and
fifteen periods are presented in Table 6.

Feed intake (expressed as

grams per hen per day) was not significantly affected by dietary
treatment in any period reported here.

The relative consistency of

the feed . intake between treatments could indicate that there was no
apparent amino acid deficiency at the low protein level that might
have caused an increase in feed intake in order to compensate for the
deficiency.

The high energy content, however, could have been the

factor that limited feed consumption.

evertheless, the similar feed

intake between treatments indicated that if an imbalance occurred as

T able 6.

Effe cts of amino ac id addit ions to a ldw-prot ein diet on
feed c onsumption and effi c ienc y

Means of 6 Eeriods
Hen-d ay Feed
Amt. of
feed per doz.
egg/g.
· · int ake
egg s
of feed
g.
mg.
kg.
1)
2)
3)
4).
5)
6)

ll. 8% ·protein
As 1. + Met
As 2 + Lys.
As 3 + Try.
As 4 + Iso.
16%. prot ein.

110 . 4a
111. 9a
109. 6a
113. 3 a
110. 7 a
109. la

l. 7 6ab
1 82b
l.• 87b
1. 74ab
1. 74ab
1. 62a

404a
3 92a
386a
413 a
415ab
444b

Means of 12 Eeriods
Hen-di.ly Feed
Amt. of
feed
per doz.
egg/g.
intake
eg g s
of feed
g.
kg.
m g.

Me ans of 15 Eeriods
Hen-d ay Feed
Amt. of
feed per doz.
egg/g.
int ake
egg s
of feed
kg .
g.
m g.

113. 4a
114. 7 a
112 . 0a
115 . 6' a
108 � 7 a
110 . 4 a

115. S a
117. l a
114. o a
117. 2a
111. 7 a
112 . 6a

l. 97 ab
2. 15a
2. 16a
l. 99ab
2 . o o ab
1. 78b

386 ab
363 al
365 a ·
3 90 ab
3 9 3 bc
430 c

--

2. 2l ab
2. s 2b c
2. 44 C
2 . 37 b C

2. 2l ab· c
a
l. 9 5

369a
347 a
343 a
359a
36
�
405

1T

he amino ac ids a dded were : Met. , 0. 15 perc ent methionine hydroxy ana logue ; Lys. , 0. 20 per c ent
L-lysine ; Try. , 0.10 perc ent DL-tryptophan ; Iso. , 0 . 40 per c ent DL-isoleu c ine.
ab c
V alues followed - with the same superscript within e ac h column are not significantly different at
the 5 perc ent level.

• O">
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. the result of the lysine addition, it was not sufficiently severe to
depress feed intake.

The ave�age feed intake during the six, twelve

and fifteen periods was 110.8, 112.5 and 114.7 grams per hen per day,
respectively.
Feed consumption expressed as kilograms of feed required to
produce a dozen _eggs was not in all cases significantly affected by
the protein level of the diets used.

Methionine and combined methio

nine and lysine appeared to reduce feed efficiency for the first twelve
periods but the differences were not significant.

The overall means

for the fifteen periods showed a significant reduction in feed effi
ciency only when lysine was added to the low protein diet.

Isoleucine

improved feed efficiency to a level that was statistically comparable
to that obtained from the hens on the low or high protein diets.
Comparison of individual treatments at different period means showed
that the laying hen becomes less efficient as it becomes older.

Feed

efficiency of hens on the low protein diet was, in general, s lightly
lower than that of hens on the high protein diet.

However, when the

quantity of protein required to produce a dozen eggs is considered, the
low protein diet might have been more advantageous.

Calculations show

that the. hens on the 16 and 11.8 percent protein diets with average
conversion values of l.95 and 2.12 kg. feed per dozen eggs require 312
and 250 grams of protein per dozen eggs , respectively.

When feed

efficiency was expressed a� the amount of egg produced per gram of
feed, the combination of tryptophan with isoleucine significantly
improved feed efficiency over that· obtained from the low protein diet
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with added methionine and lysine for the first twelve periods. ·
· ·Egg · Quality ; · shell · Thickness ; · Hen Mortality ; · and. ·Body · weight
The data on H�ugh units, -�gg shell thickness, mortality and
body we_ight cha_n ges are presented in Tables 7 and 8.

Al though the

ave�age H�ugh unit value was consistently improved by the tryptophan
addition, the diferences were not statisticaliy· s�gnificant. � nevels · 6f
protein and the essential amino acid supplements used in this study did
not appear to affect interior quality of eggs or _ egg shell thickness.
The incidence of mortality was higher for birds fed the added
isoleucine and the high protein diet (Table 8) 0

Necropsy examinations �

however, at the Animal Disease Diagnostic Laboratory did not indicate
any specific cause for the higher mortality.

The differences in

mortality were not statistically significant due to wide variation
between replicates of the treatments.
Final average · boc!:y weight expressed as .. a p erc ent · of th.e initial
weight (Table 8) showed that hens on the lysine and methionine added
diets maintained the highest average weight.

Hens on the methionine

supplemented diet were amintained at 115 percent of their initial
weight.

It should be noted that the differences between treatments

were not statistically significant.
Amino Acid Composition of Egg Albumen
Data on the amino acid concentration of egg white showed that
eggs produced from hens fed the un-supplemented low prot�in diet
contained somewhat lower levels of lysine and glutamic acid (Table 9).
Concentrations of . other amino acfds were not appreciably affected by

Table 7. Effects of amino acid additions on Haugh Unit and egg shell thicknes s

.
Treatments l
1) 11.8% protein
2) As 1 + Met.
3) As 2 + Lys.
4 ) As 3 + Try.
5) As 4 + Iso o
6 ) 16.0% protein

Means o f 6 periods
Means of 12 ·periods
Means · of 15 periods
Av. Haugh Egg shell Av. Haugh
Egg shell Av. Haugh Egg shell
·. · ·thickness · · · · Unit.
· ·thickness · · ·
Unit
··thickness · · · · unit
mm. X 100
mm. X 100
mm o X 100
83.3
83.3
83.l
8 5.4
81.7
84.1

37.4
38.1
38.2
3 8.4
3 8.0
37.2

80. 5
80.7
7g _ 9
82. 6
80 o l
80.5

37.1
37.6
37. 9
3 7.8
37.5
36.5

80.2
80.8
7 9.4
82.3
79. 8
79.5

36.5
37.2
3 7.6
37.7
37.2
36.2

1 The amino acids added were : Met., 0.15 percent methionine hydroxy analogue; Lys., 0 . 2 per
cent L-:ys ine; Try., O.l percent DL-tryptophan; Iso., 0.4 perc ent DL-isoleucine o

"'
(.0

Table B .

Effect of amino acid additions on mortality and
body weight
-

Treatments1

l')
2)
3)
4)
5)
6)

11 o 8% protein
As 1 + Met .
As 2 + Lys .
As 3 + Try .
As 4 + Iso .
16 . 0% protein

· Mortaliti
Average Average Average
of 6
of 12
of 15
Eeriods Eeriods Eeriods

%

%

%

5.1
2.8
4.1
4.6
10 . l:
5,5

6.7
508
8.8
7.6
15 . 9
9.7

7.4
7 .4
9 .8
8. 3
17 . 6
12 .2

'

. . .

'

'

'

.

.

.

.

'

. .

. .

.

.

Bodi weight
Average Per cent
Averag e
Average
after 15
after 1 2
body
Initial after 6
period s · · · periods
p eriods· weight 2
kg .
kg .
kg .
· kg .
1 . 53
1 . 51
1 . 50
1 . 55
1 . 52
1 . 55

1 . 63
1 . 67
1 . 69
1 . 64
1 . 69
1 . 67

L68

l o72
1 . 76
1 . 74
1.69
1 . 75

1 . 72
1. 74
1 . 78
1 . 75
1 . 70
1 . 76

11 2
11 5 .
11 9

113
112
113

1

The amino acids add ed were : Met . , 0 . 15 p ercent methionine hydroxy analogue ; Lys . , 0 . 2
percent L-lysine; Try . , 0 o l percent DL-tryptophan ; Iso . , 0 . 4 perc ent D L-isoleucine .
2
Average body weight maintained throughout the experiment as a p ercent of the initial weight .

w
0
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Table 9 .

Amino acids
Lysine
Histidine
Arginine
Aspartic acid
'f hreonine
Serine
Glutamic acid
Praline
Glycine
Alanine
Cysteine
\ialine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Totals

Amino acid concentration of egg albumen as affected
by addition of amino acids to a 11 . 8
percent protein diet
(g. / lOOg. of egg white)
Treatments
(4 )
(3)
As 2 + As 3 +
· Try .
Lys .

1

(1)
11. 8 %
Protein

(2)
As.· .1 +
Met .

0.64
0. 26
0.65
1. 18
0.53
1. 93
0. 43
1. 11
o .7 1
0. 22
o.71
0. 45
0.55
0.94
0 . 37
0. 72

0.85
0. 28
0 . 84
1. 17
0. 53
0.83
2.07
0 . 43
1.07
0 .69
0 . 25
0.69
0 . 44
0 .54
0.93
0.41
0.73

0 . 88
0.30
o.73
1. 18
0.52
0.81
2 . 09
0.39
1. 10
O o 71
0 . 22
0.80
0 . 46
0.69
1. 1 1
0 .54
0 . 70

0 . 73
0 . 25
0 .61
1.09
0 .58
0 . 78
1 .88
0.40
1 . 02
0 .65
0 . 23
0 .66
0 . 42
0 . 40
0.87
0 .33
0 .66

0 . 73
0 . 28
0 .6 9
1. 15
0.51
0 . 80
2 .04
0.41
1 . 08
0.69
0 . 27
o . 78
0 . 45
0 . 58
0. 94
0.32
0. 70

0 . 76
0 . 25
0 . 66
1. 24
0 . 54
0.87
2 . 15
0. 45
1. 16
0 . 73
0 . 24
0. 6 8
0 . 47
0 .52
0 . 94
0 . 42
0.70

12. 22

12 . 75

13. 23

ll . 56

12 . 42

12. 78

n.s2

( 5)
( 6)
As 4 + 16 . 0%.
Isa. Protein

1 The amino acids added were : met. , 0 . 15 percent methionine
hydroxy analogue ; · Lys . , 0 . 2 percent L-lysine ; Try. , 0. 1 percent DL
tryptophan ; Iso. , 0. 4 percent DL-isoleucine.
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the lower protein level.

Concentrations of lysine,. glutamic acid and

�ginine were s�ightly increased as the result of methionine supple
mentation.

The lysine addition appeared to increase the levels of

leucine, isoleucine, tryptophan and the total amino acid content of
-�gg albumen.

The total amino acid content of egg albumen was

apparently reduced when tryptophan was added to the low protein diet.
These results, however, were not consistent between replicates.
The methionine addition to the low protein diet did not
increase the concentration of methionine in egg white.

Also, the

concentration of lysine in egg white remained unaffected by its supple
mentation to the diet.

These results are in _agreement with earlier

r eports by Evans et al. (1950).

These �esearchers showed that the

percentage of lysine in egg white was not affected by either the
reduction in the lysine content of diet from 0. 74 to 0. 5 1 percent or
the addition of DL-lysine monohydrochloride to bring the lysine content
of the diet to 0. 87 percent o

It was further shown that the addition

of DL-methionine to the diet to increase the level from 0. 20 to 0. 70
percent did not alter the percentage of the methionine in egg white.
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SUMMARY
This experiment involved an 11. 8 percent protein largely corn
layer diet with cumulative additions of methionine, lysine, tryptophan
and isoleucine.

Thirty- six 24-week old Babcock 300 pullets in groups

of six were placed in cages and randomly assigned each dietary treat
ment.

The first treatment consisted of the 11. 8 percent protein diet

with a second containing an additional 0. 1 5 percent methionine hydroxy
analogue.

Treatment 3, 4 and 5 were obtained by cumulatively . s�pµle

menting the diet of the second treatment with 0. 2 percent L-lysine,
O. l percent DL 7 tryptophan and 0. 4 percent DL-isoleucine, respectively.
Tre�tment 6 co�sisted of . the standard 16 percent protein diet.
The da·c a obtained over fifteen 28-day periods showed that the
ll. 8 percent protein diet supported an average of 67 percent hen-day
_egg production as compared to 7 0 percent for the hens receiving the 16
percent protein diet.

The combined addition of methionine and lysine

depressed production to 61 percent.

Tryptophan appeared · to somewhat

alleviate the depression effect caused by methionine and lysine,
whereas isoleucine was without effect.

Similar trends were observed

in feed efficiency expressed as kilograms of feed required to produce
a dozen eggs.
The data show that feed intake, egg shell thickness, body weight
changes and mortality were not significantly affected by :he dietary
treatment.

Lysine was the only essential amino acid which was lower in

the egg white of �ggs laid by hens on the low protein diet compared
with eggs from hens on the high protein diet.

The slightly superior performance of hens on the 16 percent
protein diet indicated that there may be need for further amino acid
supplementation of the 11. 8 percent protein diet.

Further investi

gation �egarding genetic effects are indicated, since the previous
work had shown mediocre performance with low protein diets similar to
those used in the present study.
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